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Periodontitis is the most common cause of adult tooth loss in the U.S., with an estimated 1 in 3 adults suf-
fering from some form and 10-15% of adults developing severe forms. In addition to its direct impact, pe-
riodontitis also contributes to the development of several other diseases, including cardiovascular disease,
pre-term low birth weight, and diabetes. Although the primary function of HO-1 is the breakdown of
heme to carbon monoxide, iron and bilirubin, it has also been shown to play an important role in wound
repair and the resolution of inflammation by mechanisms involving homeostatic regulation of the redox
state of cells.  A series of experiments has been designed to determine whether and to what extent the levels
of HO-1 mRNA and protein are regulated by inflammatory cytokines in HGF isolated from individuals
with or without periodontitis. Preliminary results show that HO-1 mRNA is expressed in HGF cultures
derived from patients with periodontitis and that mRNA levels are inhibited over 60% by Interleukin-1 at
6 hours (10 ng/ml, p < 0.001). Interestingly however, HO-1 protein levels as measured by ELISA are not
decreased by IL-1. Experiments are currently underway to address this apparent paradox, as well as the po-
tential role of HO-1 in the regulation of inflammatory mediators in HGF.
 IL-1 inhibits expression of HO-1 mRNA at early time-points in HGF derived from patients with pe-
riodontitis. However, preliminary results at the protein level are contradictory.  
 There is no evidence of a consistent difference in basal levels of HO-1 protein between HGF isolated
from patients with periodontitis as opposed to HGF isolated from patients undergoing an unrelated
oral surgical procedure.
 Addition of hemin to HGF cell cultures overcomes IL-1 inhibition of HO-1 mRNA expression in a
dose-dependent manner.
 Effects of HO-1 induction on basal and IL-1 induced expression of MMP-3 are variable, resulting in
increased expression in two HGF cell lines, but having no effect in three others.
 These results show that increased expression of HO-1 in the context of chronic inflammation has the
potential to affect the expression of MMP-3, and may have an impact on disease expression and pro-
gression. Therefore, HO-1 may be a therapeutic target for at least some patients with periodontitis.
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Cell Culture:
Human gingival tissue from patients undergoing periodontal surgery was obtained from Kevan S. Green,
D.M.D., Periodontist. Human gingival tissue from patients undergoing oral surgical removal of wisdom
teeth, without inflammation, was obtained from Mansoor Madani, D.M.D., M.D., Oral and Maxillofacial
Surgeon.  The tissues were processed by enzymatic dispersion to produce primary cultures. Cells were
maintained in Eagle’s Minimal Essential Medium (EMEM) supplemented with 10% fetal bovine serum
and antibiotic/antimycotic (penicillin, streptomycin, amphotericin; Gibco BRL, Grand Island, NY). Cells
between passages 3 and 5 were used for experiments. 
RNA isolation and Real-Time PCR:
After gingival processing, cells were untreated, treated with IL-1 10 ng/ml for 12 hours alone, incubated
with hemin doses of .01 μM, 0.1 μM, 1.0 μM, 10 μM, 50 μM both with and without IL-1 10 ng/ml for
12 hours. RNA was isolated using the RNeasy Plus Micro Handbook July 2007 protocol. RNA purifica-
tion was confirmed using spectrophotometer analysis. RNA was converted to cDNA by the High Capacity
cDNA Reverse Transcription Kit (Applied Biosystem, Foster City, CA) using the Thermal Cycle Genius.
Real-Time PCR reactions consisted of 2.0 μL of cDNA, 6.8 μL of RGDD, 10 μL of the Premix Ex Taq™
Master Mix, 0.4 μL ROX Reference Dye (TAKARA, Madison, WI) and 0.8 μL of the probes (Gyceralde-
hyde-3-Phosphate Dehydrogenase-GAPDH, Heme Oxygenase-1, stromelysin-MMP-3; Applied Biosys-
tems). Real-Time PCR analysis was done using the Applied Biosystem 7500 Real Time PCR system.
Reactions were done in triplicate and results were normalized to GAPDH.   
Determination of HO-1 protein levels:
Human gingival fibroblasts (HGF) were untreated, and treated with 10 ng/ml of IL-1 for the indicated
times. The HO-1 protein was isolated and quantified by the Human HO-1 ELISA Kit according to the
manufacturer’s instructions (Assay Designs, Plymouth Meeting, PA).  
Periodontitis is the most common cause of adult tooth loss in the U.S., with an estimated 1 in 3 adults suf-
fering from some form and 10-15% of adults developing severe forms [6].  In addition, periodontitis has
also been linked with other disease states, including atherosclerosis, rheumatoid arthritis, pre-term low
birth weight, and oral cancer [1,4,9]. Connective tissue destruction in periodontitis and other chronic in-
flammatory diseases is closely linked to increased production of matrix metalloproteinases (MMPs, includ-
ing MMP-3) by activated fibroblasts in response to inflammatory cytokines [8]. MMP-3 production is
regulated at the transcriptional level by transcription factors that are known to be regulated by the redox
state of the cell (AP-1, NF-κB) [3]. Heme oxygenase-1 primarily functions to break down heme to iron,
carbon monoxide and biliverdin (converted to bilirubin), all of which have direct and indirect anti-oxidant
activity [5].  Heme oxygenase and its products are increased in response to cell stress and are involved in
wound healing and the resolution of inflammation via homeostatic regulation of the redox state of cells
[4,7].  
The current series of experiments were designed to determine whether and to what extent the levels of HO-
1 mRNA and protein are regulated by inflammatory cytokines in HGF isolated from individuals with or
without periodontitis, and whether HO-1, activated by hemin, has any effect on cytokine-mediated induc-
tion of MMP-3 in HGF.  
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Figure 1 Effects of IL-1 on expression of Heme Oxygenase-1.HGF cultures were treated with 10 ng/ml IL-1 for
the indicated times, followed by isolation of total RNA and protein. A)HO-1 protein levels were determined by
ELISA. The graph shows data from three different HGF cultures derived from three different donors. Two of the HGF
cultures were derived from samples of patients without periodontitis; nGin1 and nGin2 (“normal”). The other HGF
culture was isolated from a patient with periodontitis.  B)HO-1 mRNA was quantified by real-time PCR and normal-
ized to levels of GAPDH mRNA. The graph represents four independent experiments performed in triplicate, ex-
pressed as mean +/-SEM. Statistical significance was determined using Student’s t-test.  * = p< 0.05
Figure 2 Effects of Hemin +/- IL-1 on HO-1 mRNA levels. This graph represents five different HGF cell lines 
derived from gingival samples from patients with periodontitis.  A) Cells were treated for 12 hours with hemin at the in-
dicated doses. B)The same cell cultures were treated with IL-1 (10 ng/ml) and increasing doses of hemin for 12 hours.
Total RNA was isolated and HO-1 mRNA was quantified by real-time PCR and normalized to levels of GAPDH
mRNA. 
Figure 3 Effects of Hemin +/- IL-1 on MMP-3 mRNA levels. This graph represents data from the same HGF cell
lines shown in Figure 2, derived from gingival samples from patients with periodontitis. A) Cells were treated for 12
hours with hemin at the indicated doses. B) The same cell cultures were treated with IL-1 (10 ng/ml) and increasing
doses of hemin for 12 hours. Total RNA was isolated and MMP-3 mRNA was quantified by real-time PCR and 
normalized to levels of GAPDH mRNA. 
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